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(57) Abstract 

It has become possible to amplify cells selectively by introducing thereinto a gene coding for a fusion protein containing (a) a region 
to which a ligand binds, (b) a region which causes association when a ligand binds to the region (a) and (c) a region which imparts the cells a 
proliferative activity when the association occurs, and giving the cells ligand stimulation. 



(s 7) mm 



(a) y#> K#fti&r5*tt, (b) (a) ©fg«fc»;#> KMS^rSfc 



AL TA"<=T 
AM 

AT t-XhJlT. 

au *-*h?yT 

A 2 T1?/Wx<-< 

B B KAfXKX 
BE 

BF ^t-7 7 y 

BG -twjt 

B J "C+y 

BR 77 5*A> 

BY -<9A— > 
CA 

CF **T7!>*#frH 

CG = 

CH ^>fX 

CI =>-K • i^tfy-A 
CM ^ 

CN *B 

CZ fx7=*frg 

DE 

DK 



*Tfc«$n6BRttM£/07t' y K*-KfcPCT*HBfcra£-f Sfc*>fcfcJB$n6=i- K 
EE xxF=7 
E S > 
FI 

FR 7?y* 
G A W&v 



GB 
GE 
GH 
GN 
GR 
HU 
I E 



*y 



LR y^JlT 

LU ArttyzfAr? 
LV 7l<f47 



IS 7Y^9^K 



I T 
J P 
KE 
KG 
KP 
KR 
KZ 
L I 
LK 



a* 



MC 

MD K'« 

MG -rtfH*** 

ML tJI 
MN 

MR *-y^r:T 

MW 77^ 
MX 
NE 

NL *7>^ 

NO M!^*- 

PL ^9>K 

PT aK/uh^ 

RO /Ir—r-T 



sd x^fy 

SE r> 
SG 

SI XP?x=T 

SK *D!?7*T#filB 

SN *t*2f/u 

SZ X7i?^>K 

TD **-K 

TG h-=* 
TJ 

TM hA>9/^X?> 
TR 

TT h y = K • h/<^ 

UA 9994+ 

YU ^-**7rT 



WO 97/32971 



PCT/JP97/00687 



mmm 

ztmz, m\vtz&te?*iEmiz&m$-ezztz-$>2> 0 jE-%te&& : ¥-*m 
mmizmxtztzisbo&fc?®^? *-t lt&, mtt% i/fd^^^x^ 

&$>fr^tzo J yy^T * (ADA) ^Jg^cD<t^(^ IE 

^ADAit1S^^A^nfeifflfla^#^{4ti (survival advantage) 

(growth advantage) fciiffU <fcrtT*#S&(3>I^£*i^&fc&oT^ < 

* © ^ m& $ n % t> (D t* an a, t xmm < x *> &m £ 
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®£2titz (EUfcM., 35, 1080(1994)) . £fc> G-CSF#Ht&t 2>mmt LT\ 
G-CSF««t«t »)6-CSFS«ft3VJSttfll*nsi:#t:t±, G-CSFggftOXftftfttf 
^^nSCi: (Proc Growth Factor Res. ,3(2), 131-141(1991)) *\ G-CSFg&& 

tr±s **R»K*-r >fc#fc«#M-r >*#aEf5c:k4*«^*nfc (Ceil 

.,74,1079-1087(1993)) „ G-CSFggttHflL ZiMti OfStt^r 5 

%.&fctLXl±, x7hD^>^itaf,nti50 (J Biol Chen., 264,2397 
-2400(1989)) % ttlfirt-ex^ hpy>g§<*:l:c-Abl^DS/>*^--tf(D«^^ 
> > W % £ ftM £ *k 3 z t iz £ *) c - Ab 1 * □ i> > * ± - -if o) rS tt-fb # S z £ d i: * 
m^Ztitz (The EMBO Journal. , 12,2809-2819(1993)) . 

izmma •& s z iz x s , *eMA»*#<sn ^ ^-5 ra«^*JSfln-r s c t & 
$htzUftfflM<Dfo&miRmizmm$vz*>ZTA&m±L£titite. a#&h^ 

&*Jb>e>#;t6ftT#fcG-CSF#, ^ifil^JfflflacDltm^*)^! COG-CSF 
SS^MttYb^nSPRfcs G-CSFgg&O -Sftfb 1$Hbft%Z)L fc: itfc 

^•frS^^xASSSIUfco x* r oy>$J«!(tc J: Dxx h D^>S§ft 

tfxafrfc-raiiv^dfcKfcak G-csFsss^ae^fcxx hoy>s^jte 
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fip^x *^B^#^tts ^gp^^oxx hDy>^c<t *^7«fi^-jiaj 

So 

(1) (a) U«>K* , IS^r«««, (b) (a) ©S^^£fc:'J#>^•#j^g£-r 
3 t£&?Z>$KU. £tf (c) h*-f >gg#Xtt*©-»j!p&fctK 

(2) j**^ >gg#Xtt*©H»fr&fc»K #£r5fc»fc£Ji*iSte 
^4t5^j fr\ G-CSFggttlZfS^f (1) E«©i&^^^», 

(3) ri;if>H*»IS^-rs*«j tf^^D-f H*;u^>3*fffc**r5^ ( 
1 ) !EIKcDiii!i§r* 

(4) ^xd^ k*;he >§gfr#x* hD^>§^T*afeS, (3) ettcDik 

(5) ( 1 ) IB*©***>^*M*=i- K-rsSfc^ £^tr"<**-> 

(6) (5) BBi6©^*-£{£J#-f &$IB§> 

(7) . (6) I3«©aBBSH^LT> (-1) W^H® ry#> k# 

IS^fS^Oj Cftflf SU*f>K*fMI$#T, (6) IBiB©iffll!S£3iR 
tit® 2 

(8) (a) y#>KA«tt^r*««, (b) (a) CD**CUJtf> K#tS£rs 
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ts&tzmm. (c) d*r*fcflntt£Jf*i£t£fttt4rsffi*« 

(9) r^^-sfciBiBtjgjgfgtt^^-j-^-itjjj h*>f >3&#fcfc 

(8) IBfB©^*-, 

(10) tf-T h*>f >g&tt#G-CSF££tf:-C*S (9)IB«©^*-s 

(11) ri;#> KjM(g£?-Sfc«j #X:ro-f KsM/^MtttS**** 
(8) IB«©^*-, 

(12) X^D-f F*H>38«!tfi7 hDy>58ft-e*« (11) !B«© 

(13) rn^^>7t^Rft:i-Kr*»fi : Fj r *Mfc3Ifc7j 
?±fcffi*l>T^S (8) tamcD^^ ^— > 

(14) rite*w<*W*:]-K-f saNS^j £ r^*i^j b#m*<DA 
^fcffcBLTV^ (8) hb$©-<^*-> 

(is) (8)~(i4) o^-rn^niee©^^ * - ^«^-r s^ijiax 

(16) ( 1 5) §3«©*fflflS£*tLT> (8) B*©'<**-fc£3liiS*fc : ? 

(17) (a) (5) Sfctt (8) fcg3«©"<**-, Stf (b) gE^**-£ 

#rs*©-C*ftK«fc<s flfctf, G-CSFfcifiM h*^ >M77< U-tJS 
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fcS^*-^ttjim, (co-transformation) (3 X r> T*B!liSt£A£ 

ttA-r£48-&£ti\ IRES (internal ribosome entry site) ($$^¥6-509713^ 

Xtt. i"5' -7n^-*--M'&2>^?'X*n- KfSiBfe 
T-IRES-flsfciIte^-3'j ©^ttS^^^-^ffl^SofctfftSo 3 

S«totcfS(ctt, ^©^ff-jRfcfflV^nSo 
BHO(A)tt, G-CSF^^^x^ bnf>%<gtiL<D**7ft¥ (GCRER) 
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o (B)B\ G-CSFggftfcxX h nf>&!gtii<DlrJ. 7^?®^, G-CSFg&tt© 
5#Bfr*>195#g<D7'* ygftf^Ufc^ft (GCRA(5-195)/ER) £*to (C 
)BU G-CSFftSftfcx^ hDy^SSfr©*^^^©^^, G-CSF£g#CD5# 
0fre>195#aSt5725#ifrf,756SiO7^ (GCRA(5-1 
95, 725-756 )/ER) £^-f 0 

0 3fct, TpCMX-GCRERj *fflV>TJ^Hfe«IUfcBa/F3J||WS©i8SI[ftJfi«FWt:^-r 

04 ti, TpCMX-GCRERj £/IH^TBHteBlUfcBa/F3IBN»fc:*JU 
XX h?s;*-;bjW»*#ifea©. Ba/F3*ffl»0it«£lgl$«fc**iaT»3. 

B5ttx r pC MX-GCRA(5-195)/ERj £^TSff!j£&bfcBa/F3«0iili£*I 
fcfl?) tew* BIT*** 
H6tiU 77^U' r p CMX-GCRER-IRES-CD24j £^-fET-<fcSo 
H7ti\ 77^; H r pCMX-GCRA(5-195)/ER-IRES-CD24j S^titfeSo 
H8tt. 77^U' TpCMX-GCRA (5-195, 725-756)/ER-IRES-CD24j ft** BIT 

09 r p CMX-GCRA(5-195)/ER-IRES-CD24j £a£A LfcBa/F3ij»l£W-SC 
D24©«3g&7D— 9- >f M F'J-tiOttffiLfeatifeS. ±tt, r p CMX-GCRA 
(5-195 )/ER-IRES-CD24j *#AtfeBa/F3«IS-e©«g**^U TttWJStUtffl 
tNfc r p CMX-GCRA(5-195)/ERj bfeBa/F3«T'©^^=£^1" *ESffl 

fl&&m©fc »tcffl n £ 3 tit y n t ^ * t> h & <d i< & 5 s -* - £^ * n 

mi 0B\ TvMXGCRERj ##A$nfc*ttMlBfc: «t t) ***nfcJRtt«-v^ o 
Hl-ltts <"vMXGCRA(5-195)/ERj &mX$fttzWUmm££i)mf8,2titzm 
HI 2ttx r vMXGCRERj D 7><b bfcv? d 7 

7>f m?Aif«!febfcMfMi¥jnf*So 
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Ell3ti\ r V MXGCRA(5-195)/ERj &mA$tltz®BMm£ 0»fl:Lfc*»* 

G-CSF3£ h i h d y > $t&fo(D ] ) H> Y (x^hoy» 

(WT. TGCREEj fc^fS) #14?n5J;Tt:, ^n^e 
tlcD^>/^H&3- Kt-5cDNA©iH^a^*ftKLfe (01(A)) 0 &OT*> 
G-CSFH^-rSS^*^VNfc^^v^>A^S^^^t-5fc»H, TGCRERj 
^1-^lll^jSi5^©a^G-CSF^i*:©^lBa^K^^>C!)5#i©Glu^e> 1 9 
5#gtm,eug;T-©gB#$|&VNfc£JlH#fl; (WT^ r GCRA (5-195)/ERj t 

mtz) *<m\sfc (1KB)) o $<bizm£%mm#-frt>, G-csF^s^^b 
mmptj >(725~756)%$A,i*®fr*m^tz£mmm#- mr> mz tgcra( 

5-195, 725-756)/ERj £ffctS) £ftt![Lfc (01(C)) „ 

c^hai 2 ] mftmmm&te?z*$> 5G-csFg&#/x;* h d y >gg<*** 

nMMlZttMLtzZmm<Dmn#)mm&&?*7'7XZ h* r p CMXj (Cancer 
Res. 56: 4164(1996)) tC^ii^T-fl^UfcT^X S F10,ug£, ScaI£Tfi8l 
^bLfe^v^ Mt-T ^>iSJI4ji(E^&Wrs r p sv2bsrj (f4WMI^ttS5) 1/zg 

x m^?L«if7^OiffllSa*5xl0 5 ffl-r^24e7x;u7-V- htz^iEbs 777ht 
■i i?>lQug/m\&'atS%W,~ZlgmLtco Z<D&^ r p CMX-GCRERj §#Alfei 
-&tt,17»>x;n^ll^i;UT-, rpCMX-GCRA( 5-195 )/ERj <Dm&\±, 29->x;i/+3 
^x;VT% TpCMX-GCRA (5-195, 725-756)/ERj T-fci\ 52>> x;i^52£ ^ 

lO-'MSSn^T^^Srff TpCMX-GCRERj SiAl^li, ll$x;i, 
$7t?*)lZ's TpCMX-GCRA ( 5-195 )/ERj 3£ 3^ jl)IZ, r p CM 
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X-GCRA (5-195, 725-756)/ERj <Dm&&, 16-> x;u^13-> x;i/T-> lL-3#tfc#tx • 
xx h n7>m&&<Dmfamm&frt>tltzo fc*>\ f" p CMX-GCRERj CDftfc&fcl' 
hD<i7-f;ux^ TpMXj (Exp. Hematol. 24: 324(1996)) C »"GCRE 

Rj 4}fAbf^0 (feTF, *t i"pMX-GCRERj fcf^-TS) (02) £ffl^TE« 
0fOfcftffofcfcC3* : S-l«>£^tr24e7x;i/cfj2'i7x;UT*. IL-3#tt#tt • x 
X hPy>tt$tt«JDlilBJi3B*«*e,nfco TpCMX-GCRERj SiAlf;« 

tlftU xx h7i?^--;i/CftATs lnM©G-CSFSJlnx.fei:^5, G-CSFT'iiJg© 

x =• K*«AOBa/F3«BIIS*3> hD-;i/fc LTffl^fcfcC3> G-CSF&tfxx h 

rt-Cil^nt^S^fcttx ffiG-CSFS&tt&ftXfctirixX hDy>§g»l 

Jfete®A^fcCD*»JRU (XTTTyt-f) tffl^fco 

st\ rpCMx-GCRERj *mxLtzi&/nmmzTtiim*'i7itzo c©*sin> g-c 
sfsvxx h^vyt-frmmtx. ii-&m&&<Dmmmi&&Btoe>titz (03 

) o £<o£x xx h 7i;^-;i'®SS10- ,4 ~10-''Mc7)^T'^'fb^-B-TlHl^©||^ 

^^f-pfeiic^s io- 9 ~io- 7 Mo^-e«BflaJt5@^»^nfc (04) „ ^nciD 
, io- 9 ~io- ? M©^cD^tc«t5xx h -7s;*-;i/jwaitj:*), mumm^^-r^ 

fc^Tx r pC MX-GCRA(5-195)/ERj &*XUfeBa/F3iWBK:T«l»f**i&ofe 

ZiXOHm&ykMtfi&tobtltz (15) o 
|SH££, r p CMX-GRA(5-195x 725-756 )/ER j ££A t feBa/F3«BIJST* & s xx h 

[HflS0H] IRES-CD24^7*7X^ HOf^J* 

TpCMX-GCRERj fcHindlll, EcoRIT*SU»r U ^*-BJffr ( r »rJtlj ) fcEUK 
bfeo ^fcs r p cMX-GCRERj iJctrj r p cMX-GCRA (5-195)/ERj **i*ftfr6s Hi 
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ndlllfcKpnlWrH- (?ti?ti r»rtt2j :1672bp, r»f^3j :1099bp) , EcoRI2:Kp 
nIKfr (^n^ti r»rM-4j :1888bp, r»jtf-5j :1792bp) 4®JRbfco pBCEC(pB 
luescriptIIKS£EMCVfi£©lRES£CD24£g^L£&©, Migita, M., Proc.Natl 
.Acad.Sci.USA 92: 12075(1995)) fcApoIfcTiBfcU IRES-CD24£^tr»rtt- ( r 
8t#6j : 950bp) ^IHiRUfco ftfifrlj , rflfr)t2j > r^4j , 43 J: V r *r 
6j *7-fy-*/3 >U r p CHXGCRER-IRES-CD24j (BB6)ft* r »rfrlj > r 8rtt 
3j , T|gf>t4j „ ££TJ r»f>t6j &7^—>3>L r p CMX-GCRA(5-195)/ER- 
IRES-CD24j (H7) 4. r^^ij H rtf#3j , r^^Sj , mKtiK^'Cf 
— i/B >L> r p CMX-GCR A ( 5-1 95, 725-756 )/ER-IRES-CD24j (138) £«^bfc 0 
[ftJi§0>J5] CD24©H81ilSrt&m 

Ba/F3£PBS£T2[Ik ropTI-MEMIj (Gibco-BRLtttSl) £T10i£&bfclO'$IB&£ 
0.2ml© ropTI-MEMIj CS»U r p CMX-GCRER-lRES-CD24j , r p CMX-GCRA(5-l 
95)/ER-IRES-CD24j > r p CMX-GCRA (5-195, 725-756 )/ER- IRES-CD24j £-£ft^ft 
lOmg-foiDX., r Gene Pulserj (BioRadttS£)£fflV>T290V. 960nFfcT#A Lfc 

0 #ASL 20^10% FCS, lOU/ml mIL-3 (R&D SYSTEMSttSO £^trRPMIig* 
CT8il/fc. 10 $ ijfflII&£5%FCS/PBS£Tft&gL lmg/ml #LCD24mte (Pharming 
enttM)£^fi30#&J&£-B\ 5%FCS/PBS£T2®ift#^ 1:20#3K LfcPE^^ia 
v£^#(DAK0#S!n£^30#£jS£i4\ 5%FCS/PBSHT2H]i$fc#U*:o 5mg/m 

1 a'MbT'Dt^^-Mpropidiuin iodide)/ PBS lal&SUHU 7D-1M b 

(Becton DickinsonHzTSSSiro©^ *-£ffl^TCD24©$8?i©8?#r£ 
ftofco CICDIigSs r p CMX-GCRA(5-195)/ER-IRES-CD24j #3£A£ftfc*81I}ST-y: 
x f-< ©*i8§T*CD24©S6^*M£ffi£n£o fcS* P CMX-GCRA(5-195)/ER-IRES-CD 
24j #£A£nfc^l!S©#8ai:LTfci r p CMX-GCRA(5-195)/ERj tf£A£ftfc«B 
Sa&fflvxfeo ^H%09iJJ;rjt^iiz^-ro £4b\ ftfflJSfcfflofci&fcJS^fca 
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^1 








pCMX-GCRA(5-195) 


59.77% 


40.23% 


/ER-IRES-CD24 






pCMX-GCRA(5-195)/ER 


85.10% 


14.90% 



6iiil^C57BLvH7^4Elc5-7;i/^-o^7i/;u (5FU : ftDt^^tt^) 
^fS(10mg/ml)^300ml/E^MaW&^-3fco »4«2B§fc* *JE#,fc *) #«£ 
TLympholyte-Mj (CederlanettgO±fcT&;|> (1500rpm \ 25°a 22#) 
fcJ: D$M£S*£#«gUfco 20%FCS, IOOU/bI IL6> lOOmg/ml-7 v hSCF£« Lfc 

^^7^iS^^^;yzj^mife(IMDM;GibcottS3)tcT2B^l§#Lfeo CH296 ( 
MjittSk Hanenberg, H. et al. Nature Med. 2: 876(1996)) fc^-bLfcT* 
U-h (1146 : 7r;i>=i>tt») ±i:tx IL6fcSCFfcTWJM*Ufc#tti»JKU0 , £ 
, xa hDt^M^-^>^i» r G p+E-86j (J. Virol. 62: 1120(1988 
)) £ TpMX-GCRERj £iffl<*&^ig#±?i£f§ fcftfc U r O ^ 4 )IX r vMXGCRERj 
s ^;t±x3 FDt^;t^->;>»ft r G p+E-86j £ r pMXGCRA (5-195) 
/ERj *mfr&fri%n±m£'& t>tifz\s hP>)^^ r v MXGCRA(5-195)/ERj £1 
0 8 ^trig§|±?i-eSi!«U IL6 £ SCF big It Ufco 2, 24, 26, 36, 38^^ 
\Z*?4 ^X±^$5S^bfco 6tHie<D^ ;U*±?i£&©24ISPiggL IffliS&lOVw 
ellH^^i ^^/^;Hr;PD-XS^tf^ife(IMDM, 1.2% *f-/Hr;PD->l 15 
-00cp;Wako, 20% FCS, 1% >{bBSA, lOmM 2-/ ;u* 7* h J 10" 7 M 

£<BtS*. r vMXGCRERj r vMXGCRA ( 5-195 )/ER j L£#«tiMT-fciu x 
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□ --^n^^nto h7^^--;i/jw«t«j:o-r r vMXGCRERj m^mmm 

<t d 7 ?-^i3Pz-§g 1 Olc^-To x* 

*-;nM*fc«fcoT i"vMXGCRA( 5-195 )/ERj !&&#§&8B1I§ £ »)«rt*nfc#S* 
%ziu=.-%®i lt^-To ii*ve>©3P--©«|j*ffllJS*l&tt«*K:b , r7'f 
h-^rA1f^feLfetC5, #ftbfclfiL&JifflflS&#^e>ftfco r V MXGCRERj mm 

nfeT^D77-^0tlt7^ Y-*ckV%L&&-%m 1 r V MXGCRA(5-l 

95)/erj j«ft#ttffljia«fco^#nfc^*^3D=-0^tt«*T?«*$nfc 
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1. (a) P^tSSii, (b) (a) K#*6£T 3 
i:^t5««, »rjf (c) i^-f h*-f >gg#Xtt*©-g|Jj!p&&!K 
3fcMJS£ii£«tt&tt#-f 3fR«L Wt*K. 

2. >£g<fcxfci D N 3 fcfflB&fc 

3. r.j#> K^-^-T SM^cj #*irP^ K*;^>^t:fi*t5s ill* 

6. ig^5(3ia«ffl^^^-*«^-r3^Bao 
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1 

SPECIFICATION 

GENE THAT IMPARTS SELECTIVE PROLIFERATION ACTIVITY 

Technical Field 

The present invention relates to the field of genetic engineering, 
particularly the field of gene therapy. 

Background Art 

Various methods have so far been devised to treat diseases caused 
by congenital or acquired genetic defects, namely, gene disorders. 
In gene therapy, one such method, a defective gene itself is substituted 
by or supplemented with a normal gene in order to fundamentally cure 
gene disorders. It is important for the success of gene therapy to 
introduce a normal gene accurately into target cells and to express 
the introduced gene accurately. The conventionally used vectors for 
introducing a normal gene into target cells are viral vectors such 
as retrovirus vectors, adenovirus vectors, and adeno-associated virus 
vectors, and non-viral vectors such as liposomes. However, all have 
some shortcomings such as low gene introduction efficiency into target 
cells. Furthermore, they are often inadequate for treatment because 
of additional disadvantages such as poor expression efficiency of 
an introduced gene. In adenosine deaminase (ADA) deficiency, the 
normal ADA gene- introduced cells are expected to acquire a survival 
advantage or a growth advantage and gradually become dominant as a 
result of in vivo selection. In such a case, it may be possible to 
obtain gradual treatment effects despite the poor gene introduction 
efficiency. However, it is often necessary to introduce a gene for 
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treatment that cannot be selected in vivo. It has thus been desired 
to establish a system that enables selective amplification of cells 
containing an introduced gene. 

Although G-CSF was traditionally considered as a cytokine (a 
hematopoietic factor) that selectively proliferates neutrophils, it 
has recently been reported that the administration of G-CSF increases 
not only neutrophils but also the hematopoietic stem cell/precursor 
cell pool in the body (Rinsho Ketsueki (Clinical Blood), 35, 1080 
(1994)) . The mechanism of manifestation of the G-CSF function has 
been reported to be dimerization of a G-CSF receptor that takes place 
upon activation of the G-CSF receptor by stimulation with G-CSF (Proc. 
Growth Factor Res . , 3 (2), 131-141 (1991)). It has also been reported 
that the G-CSF receptor has a proliferation-inducing domain and a 
differentiation-inducing domain (Cell, 74, 1079-1087 (1993)). 
Moreover, like the G-CSF receptor, an estrogen receptor is known to 
be activated through dimerization (J Biol. Chem. , 264, 2397-2400 
(1989)), and there is a report that expression of a fusion protein 
between the estrogen receptor and c-Abl tyrosine kinase in the cell 
resulted in activation of the c-Abl tyrosine kinase (The EMBO Journal, 
12, 2809-2819 (1993) ) . 

Disclosure of the Invention 

The present invention seeks to overcome the problem of poor gene 
introduction efficiency by selectively amplifying in vivo or ex vivo 
hematopoietic stem cells into which a gene for treatment has been 
introduced . The ob j ective of the invention is to provide a fundamental 
technique for gene therapy targeting hematopoietic stem cells. 

In the field of gene therapy today, there are numerous problems 
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to be overcome concerning the efficiency of gene introduction into 
target cells and the expression efficiency of the introduced gene. 
It is therefore obvious that establishing a system for selectively 
amplifying only the target cells containing the introduced gene will 
produce a major breakthrough. In particular, if such a system is 
established for hematopoietic stem cells, which are the origin of 
many blood cells such as red blood cells or white blood cells and 
which are considered to be the most preferable target cells for gene 
therapy, it would contribute significantly to the field of gene therapy. 

G-CSF, which was traditionally thought to be a cytokine (a 
hematopoietic factor) that selectively proliferates neutrophils , can 
also proliferate hematopoietic stem cells. The G-CSF receptor 
dimerizes itself when it is activated. Considering these facts, the 
present inventors have thought of a system for amplifying hematopoietic 
stem cells through dimerization of a genetically engineered G-CSF 
receptor. Also based on the fact that the estrogen receptor dimerizes 
itself upon stimulation with estrogen, the present inventors have 
thought of constructing a chimeric gene between the G-CSF receptor 
gene and the estrogen receptor gene, introducing the chimeric gene 
into cells , and externally stimulating the cells by estrogen to forcibly 
dimerize the G-CSF receptor portion of the chimeric gene product. 

Thus, the present invention was completed by developing a new 
system for selectively amplifying hematopoietic stem cells into which 
a gene has been introduced by activating the G-CSF receptor portion 
of the chimeric gene product through external stimulation with estrogen, 
so as to apply this system to the field of gene therapy. 

The present invention relates to a fusion protein comprising 
a ligand-binding domain, a domain that associates when a ligand binds 
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to the ligand-binding domain, and a domain that imparts proliferation 
activity to a cell upon the association; a vector comprising a gene 
encoding the fusion protein; a cell containing the vector; and a method 
for selectively proliferating the cell either in vivo or ex vivo by 
exposing the cell to a steroid hormone. Furthermore, when the vector 
contains an exogenous gene, the present invention relates to a method 
for selectively proliferating a cell into which the exogenous gene 
has been introduced. 

More specifically, the present invention relates to: 

(1) a fusion protein comprising, (a) a ligand-binding domain, (b) a 
domain that associates when the ligand binds to the domain of (a) , 
and (c) a domain comprising a cytokine receptor or a part thereof 
that imparts proliferation activity to a cell upon the association; 

(2) the fusionproteinof (1) , wherein the "domain comprising a cytokine 
receptor or a part thereof that imparts proliferation activity to 
a cell upon the association" is derived from a G-CSF receptor; 

(3) the fusion protein of (1), wherein the "ligand-binding domain" 
is derived from a steroid hormone receptor; 

(4) the fusion protein of (3) , wherein the steroid hormone receptor 
is an estrogen receptor; 

(5) a vector comprising a gene encoding the fusion protein of (1) ; 

(6) a cell carrying the vector of (5) ; 

(7) a method for selectively proliferating the cell of (6), which 
comprises exposing the cell of (6) to a ligand capable of acting 
on the "ligand-binding domain" of the fusion protein of (1) ; 

(8) a vector comprising a desired exogenous gene and a gene encoding 
a fusionprotein comprising (a) a ligand-binding domain, (b) a domain 
that associates when the ligand binds to the domain of (a) , and 
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(c) a domain that imparts proliferation activity to a cell upon 
the association; 

(9) the vector of (8) , wherein the "domain that imparts proliferation 
activity to a cell upon the association" is derived from a cytokine 
receptor; 

(10) the vector of (9) , wherein the cytokine receptor is a G-CSF 
receptor; 

(11) the vector of (8) , wherein the "ligand binding domain" is derived 
from a steroid hormone receptor; 

(12) the vector of (11) , wherein the steroid hormone receptor is an 
estrogen receptor; 

(13) the vector of (8) , wherein the "gene encoding a fusion protein" 
and the "exogenous gene" are located on the same molecule; 

(14) the vector of (8) , wherein the "gene encoding a fusion protein" 
and the "exogenous gene" are located on separate molecules; 

(15) a cell carrying the vector of any one of (8) to (14) above; 

(16) a method for selectively proliferating the cell of (15) , which 
comprises exposing the cell of (15) to a ligand capable of acting 
on the "ligand-binding domain" of the fusion protein encoded by 
the gene contained in the vector of (8) ; and 

(17) a kit comprising (a) the vector of (5) or (8) , and (b) a ligand 
capable of acting on the "ligand-binding domain" of the fusion 
protein encoded by the gene contained in the vector. 

Any ligand can be used in the present invention as long as it 
acts on a specific protein to cause association of the protein, but 
a steroid hormone is preferable. Examples of the steroid hormone 
include estrogens, androgens, progesterone, glucocorticoids, and 
mineral corticoids . They are usedin combination with their respective 
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receptor proteins. Any cytokine receptor can also be used in the 
present invention as long as it imparts proliferation activity to 
a cell upon association. Examples of the cytokine receptor are those 
belonging to the cytokine receptor family including G-CSF and those 
belonging to the tyrosine kinase receptor family including c-kit and 
flk2/flt3. 

As the "domain which imparts proliferation activity to a cell" 
of the fusion protein according to the present invention, it is possible 
to use a molecule that transmits the intracellular proliferation signal, 
for example, an entire molecule of a cytokine receptor. It is also 
possible to use only a domain in the molecule that imparts proliferating 
activity to a cell. The latter approach is advantageous in 
proliferating the cell as it is because the domain proliferates the 
cell into which the fusion protein-coding gene has been introduced 
without differentiating it. Furthermore, the vector used in the 
present invention includes not only a single vector molecule containing 
the fusion protein-coding gene and a single vector molecule containing 
the f usionprotein- coding gene and the exogenous gene , but also includes 
a vector system of multiple vector molecules comprising a combination 
of a vector containing the fusion protein- coding gene and a vector 
containing the exogenous gene, for example, a binary vector system. 
Such a vector system of multiple vector molecules is usually introduced 
into a cell by co- transformation. 

When a gene encoding the fusion protein and an exogenous gene 
are inserted into the same vector, they may be made into a dicistronic 
form containing an internal ribosome entry site (IRES) (published 
PCT Application in JapanNo. Hei 6-509713) . Forexample, itispossible 
to use a vector having a structure containing, from 5' to 3', a promoter, 
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an exogenous gene, IRES, and a gene encoding the fusion protein or 
a vector having a structure containing, from 5 'to 3', a promoter, 
a gene encoding the fusion protein, IRES, and an exogenous gene. The 
former type is generally used to allow most of the cells expressing 
the fusion protein gene to express the exogenous gene. 

Moreover, in the present invention, the cell into which the vector 
is introduced includes hematopoietic stem cells, lymphatic cells, 
and cells other than these blood cells . In particular, hematopoietic 
stem cells that can self -proliferate are preferable in the present 
invention. Although the exogenous gene to be introduced into the cell 
in the present invention is not particularly limited, a normal gene 
corresponding to a defective gene is generally used in the field of 
gene therapy. 

Brief Description of the Drawings 

Fig. 1 (A) shows a chimeric molecule between the G-CSF receptor 
and the estrogen receptor (GCRER) . (B) shows a mutant of the chimeric 
molecule between the G-CSF receptor and the estrogen receptor, 
deficient in the 5th through the 195th amino acids of the G-CSF receptor 

(GCRA (5-195) /ER) . (C) shows a mutant of the chimeric molecule between 
the G-CSF receptor and the estrogen receptor, deficient in the 5th 
through 195th amino acids and the 725th through 756th amino acids 
of the G-CSF receptor (GCRA (5-195, 725-756) /ER) . 

Fig. 2 shows a retrovirus vector "pMX" in which a chimeric gene 
between the G-CSF receptor and the estrogen receptor has been 
incorporated. 

Fig. 3 shows proliferation of the Ba/F3 cells transformed with 
w pCMX-GCRER" with the passage of time. 
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Fig. 4 shows proliferation of the Ba/F3 cells transformed with 
u pCMX-GCRER" with the passage of time; the cells were stimulated with 
various concentrations of estradiol. 

Fig. 5 shows proliferation of the Ba/F3 cells transformed with 
"pCMX-GCRA (5-195) /ER" with the passage of time. 

Fig. 6 shows plasmid xx pCMX-GCRER-IRES-CD24 . " 

Fig. 7 shows plasmid "pCMX-GCR A (5-195) /ER-IRES-CD24 . " 

Fig. 8 shows plasmid "pCMX-GCR A (5-195, 725-756) /ER-IRES-CD24 . " 

Fig. 9 shows the expression of CD24 in the Ba/F3 cells into which 
xx pCMX-GCRA (5-195) /ER-IRES-CD24" has been introduced, detected by 
flow cytometry. The upper panel shows the results from the Ba/F3 cells 
into which "pCMX-GCRA (5-195) / ER- IRES - CD2 4 " has been introduced; the 
lower panel shows the result from the Ba/F3 cells into which w pCMX-GCR 
A (5-195) /ER" has been introduced as a control. (Note that the data 
also contain the signal from propidium iodide that was used to detect 
dead cells . ) 

Fig. 10 is a microscopic photograph showing 
granulocyte -macrophage lineage colonies derived from bone marrow cells 
into which "vMXGCRER" has been introduced. 

Fig. 11 is a microscopic photograph showing erythroblastic 
colonies derived from the bone marrow cells into which "vMXGCR A 
(5-195) /ER" has been introduced. 

Fig. 12 is a microscopic photograph showing the 
Wright-Giemsa- stained macrophage which have differentiated from the 
bone marrow cells into which "vMXGCRER" was introduced. 

Fig. 13 is a microscopic photograph showing the 
Wright-Giemsa-stained erythroblasts which have differentiated from 
the bone marrow cells into which "vMXGCRA (5-195) /ER" was introduced. 
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Best Mode for Implementing the Invention 

Example 1 Constructing the chimeric G-CSF receptor/estrogen 
receptor gene (a selective amplification gene) 

In order to produce a chimeric protein comprising the entire 
G-CSF receptor and the ligand (estrogen) -binding domain of the estrogen 
receptor (hereafter designated simply as "GCRER" ) , the fusion gene 
having cDNAs that encode the respective proteins (Fig. 1(A)) was 
constructed. Next, a mutant of the fusion gene, "GCRER," which is 
deficient in the 5th residue, Glu, through the 195th residue, Leu, 
of the G-CSF receptor extracellular domain (hereafter designated 
simply as W GCRA (5-195) /ER" ) was consturcted, in order to produce a 
chimeric protein that lacks reactivity against G-CSF (Fig. 1(B)). 
Further, a mutant was constructed by deleting a portion containing 
the differentiation- inducing domain (725-756) of the G-CSF receptor 
from the mutant (hereafter designated simply as U GCR A (5-195, 
725-756)/ER") (Fig. 1(C)). 

Example 2 Isolation of Ba/F3 cells into which was introduced the 
chimeric G-CSF receptor/estrogen receptor gene, which is a selective 
amplification gene 

The three kinds of selective amplification genes prepared in 
Example 1 were introduced into plasmid "pCMX" (Cancer Res. 56:4164 
(1996) ) . Ten \i g each of the resulting plasmids were introduced into 
the Ba/F3 cell, which is an IL- 3 -dependent cell line, together with 
ljugof the Scal-linearized w pSV2bsr" (Kaken Pharmaceuticals) carrying 
a blast icidin resistance gene, by electroporation. After the 
electroporation, the cells were distributed into 24 -well plates at 
5 x 10 5 cells per well, and cultured in a medium containing 10/zg/ml 
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of blasticidin. Proliferation of blasticidin resistant cells was 
observed in 11 out of 17 wells where u pCMX-GCRER" was introduced, 
in 3 out of 29 wells where "pCMX-GCRA (5-195) /ER" was introduced, and 
in 52 out of 52 wells where "pCMX-GCR A (5-195, 725-756) /ER" was 
introduced. After allowing these blasticidin resistant cells to 
proliferate in individual wells with IL-3, the cells were cultured 
with 10" 7 M estradiol instead of IL-3. Proliferation of 
IL-3 -independent and estrogen-dependent cells was observed in 7 out 
of 11 wells where "pCMX-GCRER" was introduced, in 3 out of 3 wells 
where "pCMX-GCRA (5-195) /ER" was introduced, and in 13 out of 16 wells 
where "pCMX-GCRA (5-195, 72 5-756) /ER" was introduced. When a similar 
experiment was performed using, in place of w pCMX-GCRER, " a retrovirus 
vector "pMX" (Exp. Hematol. 24: 324 (1996)) into which "GCRER" had 
been inserted (hereafter designated simply as "pMX-GCRER") (Fig. 2), 
proliferation of IL-3 -independent and estrogen-dependent cells was 
observed in 2 out of the 24 wells each containing one cell. Also, 
when 1 nM G-CSF was added in place of estradiol to the cells into 
which "pCMX-GCRER" was introduced, those wells that showed 
G-CSF -dependent proliferation were the same as those that had shown 
estradiol -dependent proliferation. Moreover, when the Ba/F3 cells 
containing no plasmid were used as a control, neither G-CSF-dependent 
proliferation nor estradiol -dependent proliferation was observed. 
The production of the desired fusion protein in the cells was confirmed 
by western blotting using an anti-G-CSF receptor antibody or an 
anti- estrogen receptor antibody. 

Example 3 Analysis of cell proliferation by estradiol 

Among the clones obtained by limiting dilution in Example 2, 
those showing good response to estradiol were selected and used in 
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the following experiment (XTT assay) . 

The Ba/F3 cells into which "pCMX-GCRER" was introduced were 
examined. There were IL- 3 -independent cells that proliferated by 
stimulation with G-CSF or estradiol (Fig. 3) . Moreover, when the same 
experiment was done while varying the estradiol concentrations between 
10" 14 and 1CT 7 M, cell proliferation was observed in the range from 
10" 9 to 10" 7 M (Fig. 4) . This result suggests that estradiol transmits 
the cell proliferation signal at the concentrations between 10" 9 and 
10" 7 M. 

TheBa/F3 cells into which "pCMX-GCRA (5-195) /ER" was introduced 
were then examined. The results indicated that the cell proliferation 
by G-CSF stimulation was blocked and the estradiol stimulation alone 
caused cell proliferation (Fig. 5) . 

Similarly, for Ba/F3 cells into which w pCMX-GR A (5-195, 
725-756) /ER" was introduced, cell proliferation was caused by estrogen 
stimulation, but no response to G-CSF was observed. 
Example 4 Construction of the IRES-CD24 expression plasmid 

"PCMX-GCRER" was digested with Hindlll and EcoRI , and the vector 
fragment ("fragment 1") was recovered. Also, from "pCMX-GCRER" and 
u pCMX-GCRA (5-195) /ER," the Hindlll fragment ("fragment 2," 1672 bp) 
and the Kpnl fragment ("fragment 3," 1099 bp) , and the EcoRI fragment 
("fragment 4," 1888 bp) and the Kpnl fragment ("fragment 5," 1792 
bp) were recovered. PBCEC (pBluescript II KS ligated to IRES and CD24 
derived from EMCV, Migita, M . , Proc . Natl. Acad. Sci . USA 92:12075 
(1995) ) was digested with Apol, and the fragment containing IRES-CD24 
("fragment 6," 950 bp) was recovered. "pCMX-GCRER-IRES-CD24" (Fig. 
6) was constructed by ligating "fragment 1," "fragment 2," "fragment 
4," and "fragment 6." "pCMX-GCR A (5-195) /ER-IRES-CD24" (Fig. 7) was 
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constructed by ligating "fragment 1," "fragment 3," "fragment 4," 
and "fragment 6. " "pCMX-GCRA (5-195, 725-756) /ER-IRES-CD24" (Fig. 8) 
was constructed by ligating "fragment 1," "fragment 3," "fragment 
5," and "fragment 6." 

Example 5 Intracellular expression of CD24 

After 10 7 Ba/F3 cells were washed twice with PBS and once with 
"0PTI-MEM1" (Gibco-BRL) , the cells were suspended into 0.2 ml of 
"OPTI-MEM1." Ten mg each of "pCMX-GCRER-IRES-CD24, " "pCMX-GCR A 
(5-195) /ER-IRES-CD24, " and "pMX-GCRA (5-195, 725-756) /ER-IRES-CD24" 
was added to the cells, and transformation was performed using "Gene 
Pulser" (BioRad) at 290 V, 960 mF. After the transformation, the cells 
were cultured for two days in the RPMI medium containing 10% FCS and 
10 U/ml mIL- 3 (R&D SYSTEMS) . After 10 6 cells were washed with 5 % 
FCS/PBS, the cells were reacted with 1 mg/ml of the anti-CD24 antibody 
(Pharmingen) for 30 minutes at room temperature. The cells were then 
washed twice with 5% FCS/PBS, reacted with a 1:20 dilution of the 
PE- labeled anti -mouse antibody (DAKO) for 3 0 minutes at room 
temperature, and washed again twice with 5% FCS/PBS. The cells were 
suspended in 1 ml of 5 mg/ml propidium iodide/PBS, and the CD24 
expression was analyzed by flow cytometry (Becton Dickinson) using 
a 585 nm detector. The CD24 expression was detected from a number 
of the cells into which "pCMX-GCR A (5-195) /ER-IRES-CD24" had been 
introduced. In this experiment, the cells into which "pCMX-GCRA 
(5-195) /ER" was introduced were used as a control against the cells 
having "pCMX-GCR A (5-195) /ER-IRES-CD24" introduced. The results are 
shown in Fig. 9 and Table 1. Note that the data contain the signal 
from propidium iodide that was used to detect the dead cells. 

Table 1 
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Introduced plasmid 


Anti-CD24 antibody 
(-) cells 


Anti-CD24 antibody 
( + ) cells 


PCMX-GCR A (5-195) 


59.77 % 


40.23% 


/ER-IRES-CD24 






pCMX-GCRA (5-195) 


85.10 % 


14.90 % 


/ER 







Example 6 Progenitor assays 

5-Fluorouracil (5FU: Wako Pure Chemical Industries, Ltd.) in 
physiological saline (10 mg/ml) was intravenously injected into four 
6 -week-old C57BL mice at a dose of 33 0 ml /mouse. Two days after the 
injection, bone marrow was collected from femurs, centrifuged (1, 500 
rpm, 25°C, 22 min) on "Lymphocyte -M" (Cederlane) to isolate mononuclear 
cells. The mononuclear cells were cultured for two days in the Iscove 
modified Dulbecco medium (IMDM; Gibco) supplemented with 20% FCS, 
100U/mlIL6, and 100 mg/ml rat SCF. OnaCH296 (Takara Shuzo; Hanenberg, 
H. et al., Nature Med. 2: 876 (1996 )) -coated plate (1146: Falcon) 
10 6 bone marrow cells pretreated with IL6 and SCF were suspended in 
a culture supernatant containing 10 8 of either the retrovirus "vMXGCRER" 
(obtained in the culture supernatant of an ecotropic packaging cell 
line "GP+E-86" (J. Virol. 62: 1120 (1988)) and having u pMX-GCRER" 
incorporated therein) or the retrovirus "vMXGCR A (5-195) /ER" 
(obtained in the culture supernatant of an ecotropic packaging cell 
line "GP+E-86" and having "pMX-GCRA (5-195) /ER" introduced therein) . 
The cells were cultured in the presence of IL6 and SCF. The viral 
supernatants were replaced at 2 , 24, 26, 36, and 38 hours. Twenty-four 
hours after the sixth viral supernatant replacement, the cells were 
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transferred into a medium containing methylcellulose (IMDM, 1.2% 
methylcellulose 1,500 cp; Wako, 20% FCS, 1% deionized BSA, 10 mM 
2-mercaptoethanol, 10" 7 M b-estradiol) at 10 4 /well. After culturing 
for 10 days , colonies were observedunder the microscope . Smear samples 
were prepared and subjected to Wright-Giemsa staining to identify 
the cells. 

Among the bone marrow cells infected with "vMXGCRER" or "vMXGCR 
A (5-195) /ER," granulocyte -macrophage lineage colonies and 
erythroblast lineage colonies, which had differentiated from the bone 
marrow cells by the estradiol stimulation, were observed. Fig. 10 
shows the granulocyte -macrophage lineage colonies derived from the 
"vMXGCRER" -infected bone marrow cells by the estradiol stimulation; 
Fig. 11 shows the erythroblast lineage colonies derived from the 
"vMXGCRA (5-195) /ER" -infected bone marrow cells upon the estradiol 
stimulation. When the cells constituting these colonies were made 
into smear samples and subjected to Wright-Giemsa staining, 
differentiated blood cell images were obtained. Fig. 12 shows the 
Wright-Giemsa stained image of the macrophage observed in the smear 
samples of the granulocyte-macrophage lineage colonies derived from 
the "vMXGCRER" -infected bone marrow cells; Fig. 13 shows the 
Wright-Giemsa stained image of the erythroblasts observed in the smear 
samples of the erythroblast lineage colonies derived from the "vMXGCR 
A (5-195) /ER" -infected bone marrow cells. 

Industrial Applicability 

The present invention has made it possible to selectively 
amplify a cell into which an exogenous gene has been introduced, in 
response to an external stimulus, thereby enabling effective gene 
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therapy even when the introduction efficiency of the gene into the 
target cells is low. Furthermore, since the system for selectively 
amplifying cells of the present invention can be applied to various 
blood cells, the range of cells targeted in gene therapy has been 
widened . Therefore , the present invention provides an important basic 
technology, particularly in the field of gene therapy. 
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Claims 

1. A fusion protein comprising (a) a ligand-binding domain, 
(b) a domain that associates when a ligand binds to the domain of 

(a) , and (c) a domain comprising a cytokine receptor or a part thereof 
that imparts proliferation activity to a cell upon the association. 

2. The fusion protein of Claim 1, wherein the "domain 
comprising a cytokine receptor or a part thereof that imparts 
proliferation activity to a cell upon the association" is derived 
from a G-CSF receptor. 

3 . The fusion protein of Claim 1, wherein the "ligand-binding 
domain" is derived from a steroid hormone receptor. 

4 . The fusion protein of Claim 3 , wherein the steroid hormone 
receptor is an estrogen receptor. 

5. A vector comprising a gene encoding the fusion protein 
of Claim 1. 

6. A cell carrying the vector of Claim 5. 

7 . A method for selectively proliferating the cell of Claim 
6, which comprises exposing the cell of Claim 6 to a ligand capable 
of acting on the "ligand-binding domain" of the fusion protein of 
Claim 1. 

8 . A vector comprising a desired exogenous gene and a gene 
encoding a fusion protein comprising (a) a ligand-binding domain, 

(b) a domain that associates when a ligand binds to the domain of 
(a) , and (c) a domain that imparts proliferation activity to a cell 
upon the association. 

9. The vector of Claim 8, wherein the "domain that imparts 
proliferation activity to a cell upon the association" is derived 
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from a cytokine receptor. 

10. The vector of Claim 9, wherein the cytokine receptor is 
a G-CSF receptor. 

11 . The vector of Claim 8 , wherein the "ligand-binding domain" 
is derived from a steroid hormone receptor. 

12. The vector of Claim 11, wherein the steroid hormone 
receptor is an estrogen receptor. 

13 . The vector of Claim 8 , wherein the "gene encoding a fusion 
protein" and the "exogenous gene" are located on the same molecule. 

14 . The vector of Claim 8 , wherein the "gene encoding a fusion 
protein" and the "exogenous gene" are located on separate molecules. 

15. A cell carrying the vector according to any one of claims 
8 to 14. 

16. A method for selectively proliferating the cell of Claim 
15, which comprises exposing the cell of Claim 15 to a ligand capable 
of acting on the "ligand-binding domain" of the fusion protein encoded 
by the gene contained in the vector of Claim 8 . 

17. A kit comprising (a) the vector of Claim 5 or Claim 8, 
and (b) a ligand capable of acting on the "ligand-binding domain" 
of the fusion protein encoded by the gene contained in the vector. 
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Abstract 



Selective amplification of cells is enabled by introducing into 
cells a gene encoding a fusion protein comprising (a) a ligand-binding 
domain, (b) a domain that associates when the ligand binds to the 
domain of (a) , and (c) a domain that imparts proliferation activity 
to the cells upon the association and stimulating the cells with the 
ligand. 
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